Rhesus monkeys were used to study the bone and connective tissue response of the palatal sutures after relatively short periods of rapid maxillary expansion. The results indicate that resorption is responsible, in part, for midpalatal suture splitting and, after this, heavy deposition attempts to maintain sutural morphology.
Many early investigations supported Angle's4 original contention that rapid maxillary expansion resulted in a splitting of the midpalatal suture. Pullen5 also described the median palatal suture as a growth site, and Dewey3 was the first to notice the rapid filling of the midpalatal defect with new bone.
However, a number of the early investigators thought that any type of expansion procedure affected only the teeth and alveolar bone6-8 and did not produce orthopedic changes.
More recently, clinical investigations with humans,9'lO as well as experimental studies with animals,""12 have shown that the midpalatal suture is opened by rapid maxillary expansion. Furthermore, these workers have shown that the opened suture repairs rapidly with new bone deposits, and thus maintains the expansion achieved. It was found that the maxillary halves rotated superolaterally and alterations occurred in the various articulations of the maxilla with the rest of the cranium. 13 AIso, it was determined that little or no reaction occurred in the alveolar bone and that what little tooth movement took place was bodily.
Although the information accumulated on the end results of maxillary expansion and the effects on the surrounding craniofacial structures is extensive, little has been said This investigation was supported by Grant 
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about the mechanism involved in opening the midpalatal suture. The bone and sutural connective tissue reactions immediately following the application of these strong expansive forces are, therefore, worthy of study.
Materials and Methods The sample consisted of six female rhesus monkeys (two control and four experimental); each weighed between 8.5 and 9 pounds. The monkeys were required to have a specific maxillary dentition: permanent central incisors, lateral incisors, and first molars, and deciduous canines and first and second molars (age approximately 40 months). All procedures were carried out with the monkeys under pentobarbital (Nembutal) anesthesia; the dose level was 37 mg/kg body weight, using a 5% solution. Each monkey was fitted with a cone-shaped plastic collar to prevent it from removing the appliance from its mouth.
Conventional rapid expansion appliances were fabricated and cemented to place ( Fig  1, top) . The initial activation consisted of three quarter turns, and the screws were given a quarter turn every 24 hours thereafter (four quarter turns equal approximately 1 mm) for the duration of each experimental period. The four experimental monkeys were killed at periods of 24 hours, 4 days, 7 days, and 14 days after the initial activation. A 1.5 ml injection of 3H-proline was given intraperitoneally to the second control and the four day experimental monkeys four days before death. The radioactive proline was incorporated into developing collagen and gave a visible marker of its location on the preparation of radioautographic sections.
The monkeys were killed by perfusion fixation with 2.5% gluteraldehyde by way make soft radiographs.* These radiographs allowed an evaluation of the relative degree of mineralization of the bone in the midpalatal suture region. Alternate blocks (a, b, c, etc) were decalcified, embedded in paraffin, sectioned at 5 urm in thickness, and stained with hematoxylin and eosin (H&E) for routine histological examination. Several sections from each of the decalcified blocks from the second control and four day monkeys were used to prepare radioautographs.
Results CONTROL MONKEYS. The information from. the control monkeys was used as a frame of reference with which to compare the reactions in the four experimental monkeys. Occlusal radiographs showed that the control monkeys had narrow, well-delineated palatal sutures (Fig 2) . Microscopically, the midpalatal suture appeared as interdigitating bony processes separated by a relatively narrow band of well-organized fibrous connective tissue (Fig 3, top) . The bone tissue reaction appeared to be of a remodeling nature with regions of resorption, deposition, and resting bone located randomly along of the left ventricle. The palatal portions of the maxilla were removed with the teeth and alveolar processes intact, and occlusal radiographs were taken to permit gross observation of the palatal sutures. Each palate was cut coronally into blocks approximately 2.5 mm thick (Fig 1, bottom) ; the blocks with capital letters (A, B, C, etc) were embedded in plastic; undecalcified sections, 100 micrometers (iim) thick, were cut and used to the edges of the bony processes (Fig 3, bottorn). The premaxillary-maxillary, maxillopalatine, interpremaxillary, and interpalatine sutures all showed varying morphologies, but had similar bone remodeling processes. The periodontal ligament was of uniform width around the teeth with normal amounts of fibrocytes, osteoblasts, and cementoblasts. Examination of the soft radiographs corroborated the histologic findings. The suture was a narrow radiolucent band bordered by well-mineralized bone. Less well-mineralized areas of new bone and scalloped areas of bone resorption could be observed along the edges of the bony processes (Fig 4) . The radioautographs from the second control monkey showed a fine field of silver grains located over the sutural connective tissue. Few grains were located over bone, and this indicates that the new collagen had not yet been incorporated into the bone ( Fig 5) .
24-HOUR EXPERIMENTAL MONKEY. In the first experimental monkey, the occlusal radiographs showed no gross changes in the palatal sutures. The histologic findings indicated that slight movement of the bones occurred because of the mild stretching and compression observed in the connective tissue. At this stage, the sutural connective tissue became disorganized and lost much of the fiber orientation observed in the control monkeys (Fig 6, left) . There was no change in the bone tissue reaction because remodeling of bone was still evident.
The premaxillary-maxillary and maxillopalatine sutures were interesting. Perfectly alternating rows of compressed and stretched sutural connective tissue were observed, indicating that the lateral maxillary movement was being resisted by the premaxilla and palatine bones (Fig 6, right) . The periodontal structures and the soft radiographs had the same characteristics as those observed in the control monkeys.
FOUR DAY EXPERIMENrAL MONKEY. The second experimental monkey showed some evidence of disruption of the midpalatal suture on the occlusal radiographs. However, the remaining palatal sutures gave a normal radiographic appearance. Histologically, the sutural connective tissue appeared stretched in many regions, indicating some separation of the bones; however, some regions showed compressed connective tissue. There appeared to be an increase in the density and cellularity of the connective tissue, and it regained much of its fiber orientation. There was a considerable increase in the vascu- clarity, but no hemorrhage or inflammation was observed (Fig 7, top) . The reaction in the bone of the midpalatal suture was predominantly resorption with large numbers of osteoclasts present (Fig 7, bottom) . In the interpremaxillary and interpalatine sutures, the degree of bone separation was much less and the predominant bone reaction seemed to be deposition. The premaxillary-maxillary and maxillopalatine sutures showed a somewhat more severe condition than that observed in the 24 hour monkey, with alternate rows of deposition and resorption. Examination of the periodontal structures indicated that some buccal tipping of the teeth occurred.
The soft radiographs corroborated the histologic findings in the midpalatal suture.
The edges of the bony processes appeared scalloped, and this is indicative of osteoclastic activity (Fig 8, top) . From radioautographic evidence, the histological interpretation of increased collagen formation was confirmed. In comparison with the control monkey, there was an increased number of The third experimental monkey showed gross radiographic evidence that the midpalatal suture and the distal portion of the interpremaxillary suture was opened (Fig 9) . The histologic evidence showed a substantial separation of the bones, but without inflammation or hemorrhage. The sutural connective tissue appeared cellular but less dense than in the previous monkeys (Fig 10,  top) . An occasional fractured process was observed, but no connective tissue tearing was evident. Under higher power microscopes the sutural connective tissue appeared extremely stretched. The bone tissue reaction was one of almost total deposition: the heaviest regions were the ends of the processes and the recessed regions (Fig 10, bottom). The interpremaxillary and interpalatine sutures also showed connective tissue stretching and heavy bone deposition.
Again, the premaxillary-maxillary and maxillopalatine sutures revealed the alternate rows of deposition and resorption created by the laterally moving maxilla. The periodontal structures in this monkey indicated a continued buccal tipping of the teeth. The soft radiographs showed a relatively large midline defect, greater at the palatal side than at the nasal side of the suture, and also confirmed the histologic evidence of new bone formation (Fig 11) .
-The fourth experimental monkey showed gross evidence of suture opening in the midpalatal, the interpremaxillary, and part of the interpalatine sutures (Fig 12) . Histologically, the sutural connective tissue appeared cellular and somewhat disorganized, although it was stretched in many regions. Heavy bone deposition was occurring judging by the irregularity of the processes, the number of resting lines, the amount of osteoid tissue, and the predominance of osteoblasts lined up along the edges of the bone (Fig 13, top).
The interpremaxillary and interpalatine sutures showed similar situations of heavy bone deposition. At this stage, in the premaxillary-maxillary and maxillopalatine sutures, the sutural connective tissue appeared disorganized and bone deposition was predominant with some osteoclastic activity. Tooth movement was now bodily movement in a buccal direction.
The soft radiographs showed a midline defect, again greater at the palatal side than the nasal side of the suture, and also corroborated the histologic evidence (Fig 13,  bottom) .
Discussion
The early changes caused by splitting the suture appeared to involve a series of fairly distinct stages. Within the first 24 hours there was no change in the reactions in the bone tissue. However, the sutural connective tissue appeared to be adapting to the new forces being exerted. By four days the tissue had proliferated and reorganized itself, and heavy bone resorption was occurring. The resorption probably was taking place to reduce the size of the processes and to allow them to separate more easily. Thus it would appear that a combination of resorption with physical separation are the dominant factors in suture splitting. After seven days the midpalatal suture was opened. However, the bone tissue reaction at this stage was heavy deposition which, by 14 days, was still occurring. It appears that once the processes could be separated without interference, the bone reaction changed to deposition in an attempt to maintain the sutural morphology. Compared with previous investigations,12 the size of the midline defect after 14 days of expansion in this study was not as extensive. This may be because of slightly different activation sequences used in the two studies.
The reactions observed in the premaxillary-maxillary and maxillopalatine sutures indicate that these sutures are adjustment sites initially preventing a greater degree of opening in the interpremaxillary and interpalatine sutures. As the maxillary halves were moved laterally, they encountered the resistance offered by the premaxilla and palatine bones at the premaxillary-maxillary and maxillopalatine sutures. This was evident in the alternate patterns of resorption and deposition in these sutures. Consequently, no gross evidence of opening was seen in the interpremaxillary and interpalatine sutures until between the 7th and 14th days of expansion.
Since the human palate lacks a premaxilla, the resistance is only at the maxillopalatine suture, and this may partially account for the V shaped opening observed in human clinical studies.9'10 Furthermore, the posterior end of the maxilla is buttressed by the zygomaticotemporal complex and this also would create more resistance to opening in the posterior sutures of the palate.
The observations made on the periodontal structures indicate a buccal tipping movement of the teeth until some point between 7 and 14 days of expansion when the movement became bodily in nature.
Conclusions The results of this investigation of the early tissue response to rapid maxillary expansion suggest the following conclusions: (1) The midpalatal suture was opened as a result of rapid expansive forces; the actual opening took place between the fourth and seventh days of expansion.
(2) The mechanism of opening involved a series of distinct stages: an adaptation of the sutural connective tissue to the heavy forces; proliferation of the connective tissue and heavy resorption to permit physical separation of the bony processes; and heavy bone deposition in an attempt to maintain the sutural morphology. (3) The premaxillary-maxillary and maxillopalatine sutures appeared to act as adjustment sites by allowing different degrees of opening in the interpremaxillary, intermaxillary (midpalatal), and interpalatine sutures. (4) During the initial stages of expansion, the buccal dentition underwent a tipping movement. However, bodily tooth movement was occurring by the 14th day of expansion.
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